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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable adaptive copings 
against interference to an orthogonal frequency division 
multiple(OFDM) signal which has been difficult in 
conventional methods and the effective utilization of a 
frequency. 

SOLUTION: This OFDM signal transmitter 21 receives 
and demodulates an OFDM signal that is sent from an 
OFDM transmitter 22 by an OFDM receiver 23 and reads 
a frequency spectrum of an interference wave in a null 
symbol period from the demodulation data by an 
interference wave detection circuit 236. A mapping 
control circuit 226 adaptively changes the position of a 
carrier hole by sending an instruction to a mapping 
circuit 222 of the transmitter 22, based on the 
interference wave information. Also, when an 
interference wave is not detected, data transmission 
such as communication usage is allocated in place of a 
carrier hole. 
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im^MD ofdm (E^^is^f»j#a) isittt 

LTOFD Mff %-Z£.f& LSfcH+S O F DM«*i£ttiiS 
1» E O F D Mfg * <75 if* f§ ffiJ^crt IZ 5 ft » ft (O '> * 

< fc hmmmn^m^i-^ammmmn^t, 
4^«t5 (w tfjiE^ * f > mm * rnw-t % ^ v tr v 

fc ^Itfc r fc S»« Mm^tii 

Sic 

OOFDMS«««rrtSB*fcttiff»i-*^»*fcttitlW 
iffiirffi*. a«*«^feiSUiS*t60FDMflr*SrS(B 
LXtt»&<o$8£&!EtBU ^O^JF^mjE^* t">^ 

*y»^a^eaii-* ^ fc 1 k*£coo 

[»**S3] WKOFDMg««tt, BMEOFDMfg 20 

D MfS * (O 3* /u •> > 2K/u»H *C jo fc JH jftft com 
^rMttO F DMff *CiS*«rt(0*S»jSf§-8- ^ 

Skffl U * o« Ul«* S: 8SE^ */ f > ^»J»*S l:fi2S 
t5i 3 Id L-7t- fcft»»i-*-4lt*3C|l2ia«fOOFD 

{It#xjU ] WIE-^s/ fcT>^M*i*tttt. SGESSSifi 

«fc a?BI«Sr*i-W*RdS1*Jft$ixS^ ]) —[sl&zm 30 

^ fc Sr«l#«fc 2 *fctt3lc:E<IW>OF DMfs 
*&ttl»B. 

[Iit*3t 5 ] iUE^> fc'^WJW^&W:, ItSEO F D 
M^f-Sl::^ 

#it$-£X*-ir y Tst;— ^Sr^rti-SC <!:*»» ir-T* 
1 E«t<0 0 F DMfi-SriiSHjaS«o 
l»**B6 ] ttE^y fv^Si(cjo^X^-(f x — ^ 
Srf'J?) tSXfci^»#tt, W^OFDMtls t»(A«:::J3 40 
i>XfJE*QTfo 9 , Sffl^ffitfcS J: 

Bo 

[ W*« 7 ] RijfSO F DMi*««ttU lffiE*&Si£m« 
T s6S«.4p $ ixfc /po fc if i= (i , 
&*:ft*n $ ixfc*& iciBfB^- ? fr« DSxttv 
$W.»i:f$S(7)f- '/ Sr» Q flittSttlt5: fc a-W 
BRt-*-5W*JS 1 BEWcoOFDMfS^ttia'fito 

&m\Zte\, ^XilMt^— 9 Sr#J 9 S Xftl ^3ejfflj&»g|i» 50 



4*BH¥ 11- 2 1 5 0 9 5 
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ixTfc5/PSr*i-««SrSfflO F DM(S*it»lrW9 ix 
X iS UJ-T 6 C Sr»« t i" * IB*« l * tt 7 Elko o 
FDM«-§-aittiS$Bo 

\z X 9 WttBtWMSirttEafll^-^ «:» 9 STftt 
Wi»»»»*fcttS(lE»S^)'y r — SrW 9 ^ 

axttt^wftjaaftw^sfcttwa^—^srw^f^tf 

fc S:«« fc -t 5 BS*Xfi 8 EStco O F DMm^tH^S e 
[0 0 0 1] 

ft (OFDM) ^iwj:aa§:m^^7 t ^tc^9, ^(r 
OFDMfiiSf«rti:ffStSft^t»i^taf»5« 
<^<ft«i:J«*ft*a*J^S:BI« O F DMfl -^iHlii^Elz 

[0 0 0 2] 

li£3&<D&m 9 , OFDM^CJ:^^gi/7, 

v^^^r u t"^ s ^SjriSfe^i/Mi^v 

Sri5jSSS:Wi±o : a3R?»:'7 sf — # fc ttg7- ]) ( I 

FFT) LT«flM*±0^7/<y K«**^SClfcL, C 

[0 0 0 3]i5f, r (OO F DM*at«!±f 
u try 3 istmizfcm-t^ < «F9EM«^S58^t ITS 
9, ffl/r05t!IS* s *$lxXt^^, BC#<Oiffi±T^uj/ 

W^oi^xt>vKo^jS13K$ixxt^So 

[0 0 0 4] 0iJx.tf . 7 - 7 9 4 1 5 #^$R|Z 

(i, T^n^U^amffllfcOFDMgftmfccDnin^^ 

CioTttfUU 9 OFDM«^«ift»ja:^« 
*S^r^:t< LXiS«i-sa«*«l!ll*SJxTV^ 0 
#gB¥6 - 1 1 3 2 7 2*4*«ic:W\ FMSfiM^^iS] 
ttftS: h7 y^V^^^yu^XiiJSLXTi-o^FMJ* 
j^trtt^ 3r ^- x X o *JS»»*z O F D Mil *JHj&» 
SriB3e-*-5&-tl53ft5BI|*4jxxi^o 4$BHnB6 3 

- 2 5 3 7 3 8-5r<a«(Ctt, < LS^^/U^Srtt^i-S 

9, t- u trisa« /j^pj^^^^ t o 

F DMTf u ^tta*Slf§^l6i-i-«!£«/jS|JII^$ixX • 

[0005] ofdmmcii rtoi/ri/ 

fSkiS/j^ e> o f DM«*3&sa*t a Ti*tt*co(sirt»j(i fc 

L X , A- -r y T ^ — ^ fc ^ 9 T-S:/^ *> o (.1 9 9 5 ^ 5 
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[0 0 0 6] *-Y V Tft — ^tlt* OFDM*^5»S 
«r«S:fiJffl L/c fc <OT\ SffTt n ^ u tr» 

[0 0 0 7 ] H6tttt*OOFDM«*iS{±13S«^yD 

[0 0 0 8 ] i6C^^T, SSfflLJ: 9 ir-T^A^x- 
->y 7^7 U/uaetfcElB 1 111, A^f-^y!i7 

[0 0 0 9] Z&Ty t 0 >^[n3SS 2 2 (Offi^tt I F F T 
HISSl 3t'®7-y 3Lgg» (IFFT) *;h,TWBBMLb 
<o*<— K4f-§-£ft9, aSftBB 1 4 -eJKJBilfifi-9- 

9Lt LTiaifcB£j|xS 0 
[0010] at7>7t 1 5 ^bStb^il^OFDM 

-MiE]7 (a) 5«-iSfi!»f 4frh f S^TcO 

BBT-*E?g4*ic:/ € coTi^o 2 k <DO F DM^f 

A 4:^ofc»£«u Ulco f 4/*><b f 5.cORgic^2 0 0 0 

[ooi i] St (b) i~^-rx ?ft f 6t^ 

t^fcofcitii, SI 7 (a) OOFDMlffif 

<S£ftLTLS 5. 
[0 0 12] 7tn^rH:lj[MT11 *<0»& % 
07 (b) CO f 6lwtBai-4S*t^u^</K^»^jajK»rt; 

d TID 7 (c) 5c f 6 cottificolJRS 

[0013] KJUiri^-f y T* — /UO^ffiT-feS^, C 

<fc # — jKt ft (:-)3ibiiTi v Oo 
[ooi 4] 12)7 (d) cwiii:, 

(==) _ . v v /L . *g ^ /}X }[t) 0 fc ^ -j- 5 ^ ^ ,^ fl Q o F D 



[0 0 15] OFDMMCi^TO^ft 
ClS/UCft 5 , ^rtil 7^-ykt7tu^r u f ttiSi 
cofflftStJBco— 36i LT»*$Jxfcfc<^T***#, OF 

ft t ttRR 6 4 1 \ Sift 7fo^ru fjfcai T t * i ^£ 
co * t?« * ^ ggfg K*^ $ ixT *3 9 , * A* 6 
OFDM^ia^fy^^r U t^iiT^fffi^ 

[0016] — ^rty T*— /uttttSEiBKttW3» 

[0017] 

EJIT «w SB^ -5 PbI Jll Z> 0 

[0018] Si IT, ^r-r y TTfr— yKOffia^sa 



[0019] ^FtfttS^fti^^&^t, 

[0 0 2 0] I3^H.T, — ^(Z^Ji^coTr^^^ 

r t*sit<*pt > ixTv^^, mmm^^mi&m^mm 

[0 0 2 1 ] rw^*5t^T*3BWOBWtt, ?«**5*;-(? 
[0 0 2 2 ] 

[ IKS Sr Wife-t- -5 fc A oo ] ± E <o g 6tJ & ig/Si" >5 
[0 0 2 3 ] (1) OFDM (ff^^^#J^S) S 

m& L-TO F DM«*S:4rtLiSStB-*-5 O F DMiE^m 
tUISS *3 l^T , W1E O F D Mff-^cOi£-(H Wifltrt ?g^£ 

. weo^aiz J: 9»feJxfc»«^6tt»jfi 

— ? (9 r ft ^ J; |- BdJE"^ :> f > ^38! u-fH 

[0024] ( 2 ) ( i ) cowrt(3±jt n t , mtmrnrn 
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[0 0 2 5] (3) (2) <0«J5EIZ*3t*-t, flulEOFD 

PJ(-fc%^Tt>jatt**«O«*IZ3C»LT0FDM«# 
«i-*£i:X«&*tto«±fctfettiU ^OfctttfSmSrlffl 1( 

[0 0 2 6] (4) (2) *fc|4 (3) <75«J«»r*S^ 
X, llfrlE^ty tr^^MW^Stt, i«rEfe5SiK&fflti?$Bi: 

ar*i-««^s»ift*ix5>*i; — mgSSrffix., Sir IE Eta 
ISTfllrE-* ^ey — Ettri>&»j£+5#Jflp« *Sr, 

i-s. 

[0027] (5) (1) <omi&\Z.iS\.^X* WIE-^s/tT 20 
^WJflP^Ktt, «TEOFDMaS««^»LTl»IE»XE 

[ 0 0 2 8] (6) (1) <omf&\z.&\^Xs SdE-^yf 

[0029] (7) (1) <Dffi&\Z&\,^X* fflfEOFD 
M3l«*fi, 8trE*S6»«««a»*a*rT*6*«3&s»» 

[0 0 3 0] (8) (1) S/ctt (7) 0«J«IZ*5^ 

r mm^- 9 Srt i 9 s x <c t ^»ejB«*»»* t »»s 

(Or — 9 SrS'J 9 rt"tt 5»£JBjffi*SB#aH ^mxfcS^ 
[0 0 3 1] (9) (8) <offij&lzte\,-x, S5EOFD 

m^-9 Srffi] 9MST*t fcttlfflE»3£ 
(Dt*—9 «:#] 9 tttt* C £ co^TSa'aE L , WWmiSi 
LTi8«»^^ BE 
Sb LTlWEiSft^- ^SrWOSTttv ^»*jlfljBt»tt»* 

[0 0 3 2] 

l?m<nmi&<0)\m) «1\ 01 713£ESI5S:#!HLT*: 
3g W en -Xtt«o?Bffif ov* x 5ft»i:SiH i~ & ,. so 



mmw- 1 i-2i 5 0 9 5 
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[0 0 3 3] mi tt*JBW<-««OFDMfS*iMttl3SlB 
co— jltt^lftOfll^Sr^yD y^EKBlTfcS. Ceo 
[H 1 IC^-TOFDMm-§-iSt±l^g2 1 fl OFDMgfl 
i22 fcE»ffl^OFDMg«ffl2 3 (w*»JLT«J*$ 
iV OFDMiS««2 2|j:gft7>ft2 4 (CttfitS 
ix, OFDMgilS2 SCfcSff T>7^2 StttttSix 

[0 0 3 4 ] OFDM£ffJ$2 2 Kifctt -5 !J T/U^ 
iwu (S/P) ^jftls]&2 2L IF FT0£§2 2 3, 
D/AS»EB2 24, 5£fl ISM 2 2 5 <t , m%T ^"f 

t2 4ii m 6 ic^ Ltzi$%m<Dm^kmmftj&te tit 

WCTfci*. -^y tT^^I3B2 2 2 tz*3l^T^SB*>6 

a. 

[0 0 3 5] y fc'^^SUWEIK 2 2 611 OF DMff 

— £0 *«9 ST*^^4/ft^^ — >S:E«i-4> ^ey 

— 0*8 (m^it-f) «r«;L5£*K, OFDMSff*«2 

t°^7m?§2 2 2 Iw^ttUi^t'So 
[0 0 3 6 ] -7^f>^|plg2 2 2ttr.cO*t.^fg »Srg 

tt*<tffiSB5>SriHILi: LXi^yA^-r — * Sr8iJ9 ^x 

x — ^ f 'J 9 a XSB^ S:*-r£fi8y - >*«S:i?f*<o« 
Sillt&ffi^"COFDM«*l:llt4. 
[0 0 3 7 ] OFDMgfI*2 3 fi, OFDMigfir^2 
2^b<7)OFDMIf^-^ ^tii" 5 tztb(Dt>(DX\ ^IbT 
>^1~2 5 LfcOFDMft-S-SrSfS l£]*S2 3 I X 

FFTEB2 3 3"C7— ya-ffiift (FFT) LX 

in^^Mi^r-^ zmfi-fZo t tx, ms^-^^x 

-^y \f>riBt&2 3 4 . ^ — >ttr*WftfflB«8 2 3 55 
a ; WS?2£l^l±l[£lSS2 3 6tw7^^i"-5 e 

[0 0 3 s] ::x\ ^<*->*«ttdJEiiS2 3 s«, 

m m 7— ^ * * b * fSffi t Lfcflfl ?it St&B^ i fc (4 * 7'"A ^ 
^-.^f'l 9 S XSI55> &7fk1r'±l&'< 9 - >1t ?R ^ttffi L , 
^(Omm^y'^ y L J, y^ElJ8 2 3 4i:ffl*t5 e CcO^ 
^ t y/HiB 2 3 4 d — >flf«^b*tJ5-t 

^{t #4: LTW±ttJ*-*-* 0 St, W»»«SI±IEIIS2 3 

6ii x>i>i'>rf'imw&'iz&x. &mmmz#tfz>m 

m^r- 9 CO U /U R tJH3tfflI« It « 

h5^Srtt*i:9, ft"Si(:.J:o"C S: S T 5>I 
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F D MiS«« 2 2 CO y f > j/fM»EIK 2 2 2C ffc#£ £ 

[0 0 3 9] **tt»ffl"C(4, OF DM£««2 3 
CO 82: fiSjjfr 4* O F D M « 4§-i£ ffiKffi 2 ] coftg|5<t L fc 

[0 0 4 0] ::t\ of DM«»i4raJH<afc*i::*/u 

1 >>#^JWfifl OFDMg|S®2 3COFFT 10 
0^2 3 3ttCO^/u->>#/u«JMI=t>7— yrca»Sr 
frv\ wOfflttfttt-b^— ^ t>*taElB2 3 6CB*-t-' 
5c 

[0 04 1 ] ±E«filtZ*3V^T, WT, m21b^M 1 => % 

[0 04 2] 12 (a) f4tDJW«ffl"eoOFDMaWt» 

2 3^feUiA*^*OFDM«*^)JBjK»^^^ 
0tfc9, f 1 SrfgCl^-r y T* — yu£ LTV^Sc d co 

V^JBIfflXte, FFTIalS^2 2 3 coiii^cOJU 

^HBIWOFFTEIK^ 2 3 cottl^coMI^3SW±T f — # 
14, ^T^»iSift (^rtyr) £I¥jLLTI^cox, * 

St^fc4xtf % (a 2 (b) (:,TtJ:9(:, rcoJWRJJ^F F 
TSK2 2 3<OtH*(zJ4tt*ifi^*x.* 0 12 (b) co 
i'utll f 1 f 2, f 3 £^5J§]«»Ott# 

[0 0 4 3] irt\ SittSEIK2 3 6 k: 4 9, ^COFF 
T «* ^ y u i/ > sR/uJ« BB «w *5 ft -6 ft O A ftft * 

ft«*«Sr-^ y t°^jnmm$& 226 uhs^^o ^ > tr 

U ^^f>^EIB2 2 2K#LT!±i^LT*-v yr* 

[0 0 4 4] £ , ^ * f^/EIB 2 2 2 ft + y 

T~fc — /uoffiBSrBI 2 ( c ) co± p f 2 t f 3 cofitffi 

[0 0 4 5] ft, ^ y tT> ^fliUWElB 2 2 6 Xtt, -£co 

rtffliciBftfeixfc^^- y — sbsc:, «*<att»jaa6»<^ 40 

ffl^^^-ttco^ 0 ^ — >laliSt^?gT' ( t>< o/pco*^ 
© (SSHi'Ctt*^) <D*-\> y T* — /uffiiBSrlE1S$-frT 

SraRUT^^t p ^^l3?S2 2 2 (cat L Tif^&fr 5. 
[0 0 4 6] zrjtZ, 1212 (c) ic^i- J: 
^>^iHWEJK2 2 6 C0ftot^5*-r y Tzh — *i"<9 
->'i4. -\- -v y 7* tJ" — /j ^ <j x c: o X (4 * < 2BW±<Offi 
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(a) - (b) , (c) . (d) iZ7jk-t 0 

[0047] w±coi y rs^— /u^ffiB*/< 

? — >1tir 4S*I4. y 7*-/uffla^8fcSwt 
"CO F DM SKgfil 2 2 co % tti« «» / < ifi mteZtz 

^OFDMfS^«BSrS«(z-r-5 3t«>-Cfc-5 0 dco^t 

s o f d m s« m z t ^ Aift l x *3 »t (4 % a« m t 

[0 0 4 S] ffi^cO^F#^OFDM§:ffm^to^ 
X, ^cOOFDM{f-§-co«?^^$ 

> tr>^|3B2 2 2 14^-v y T*— /UfflBO^dE^^ 
— >-»«*«S:aUJO F DM« f*C#J 5 STTiSttie 
i£i-5 c . r^xfzj:^, as^£OFDMS(S«|« 

[0 0 4 9] ft^^#/jS#^t^^>o7t^COib^SrfA 
PJIi-^o Bl4«r*3l^T, (a) (4HI2 (a) tWiCKW 

w\vmx*cvoFDMmmm2 2frb<oti&)ttm-<omi&» 

*^JHH^FFTco|tJ|lttH4 (b) 

[0 0 5 0] iOtt*tt-^f±9*J5*»ttl«»i: tx-^s/ 
tf ^^BiHtPEB 2 2 6 J^e* ^ y tr^^*J#pil] 

£§2 2 6tt«F#*SffaEL4lr^ ttBBtit, ^^f 
>'^0B2 2 2 tCdr-y y 7* — /Kfcftfe9 Ct7'AAf 

(3 4 (c) lz»i)ix*i-J;5fw, ^ t y 7 ^- /Ui: 
L T ^ S * *LT 1/ > 7t «*T?-y- y A » V s - ^ 2r iSff X # « 
J: 5*9, »«*O*«ifiJffl36SprtBt*-5 0 

[ 0 0 5 1] m. V^XJlf—fte^ y T*-/UGO 

^ * » £ C ?t it I w 3I« T fig t >S -5 co x\ ^ ( c i^m or 

9arfejx* 0 st, ^y'A^^-^f^ anix^f 

S-flXt o c ir/j^^^ib^, bcO-C^^^cox, 0 2 
(a) cof 1 cO*^ryT*-yufit«fc4ixf4H2 ( c ) 

cor 2, f 3(o^t. ! J7^-/Wii(:Eitr, jir^is 

ft Srfi 5 5 t ^ISgT'fe 5 0 

[0 0 5 2 ] Sfc, T* — /uAilLja^tt 1 Ih]*/c 

ifc0j»9 iS LiliJj(^/iii«Ifigxfeo^X\ ^gji, 
[0 0 5 3] OFDMSfS HI 2 3 S:tt»«»coJE 
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co£ ?g £ it t£ [a] j$ ^>3t ^ - ^ ^ if { - i-ix ^ i^jQt co 

[0 0 5 4] EA±Ift91<Oiffi 9 , #«93T*tt* /^*>>7KyU 

fE&i§JE#)Cgffc£i£5 0-t\ O F D M (f — CO & ffi 

[0 0 5 5 ] f*u iif£co5IJjS^!?gT^i, ^■vliT^-yu 
1 1" 5 » ftJB Sr m -?±l£'< 9 — £ O F D Mfg 

(C, OFDMft*tfS«» (ElT'iin) coir ^> >- h A* 6 10 
* 5 C i: SrfiJJfl U iSfg L/jH^-fc^W hff SrOFDM 

OFDM§||«2 3X11 ^ — >'Wffl«ajE]SS2 3 5 
\zxmmy*—*frh ^ * — St SE^ ttJ-f t? tt 

[0 0 5 6 ] 

[0 0 5 7] S2 At Lt, »6»35S«^*fr&J3tti|*ej« 

[0 0 5 8] »3jS4: LT, ^en, WW** iftf> 

[0 0 5 9 ] «±(D»S*, ^STIiEItfco/cO 
F D Mfg *^<^»»*^<73i»/EW*»JS 4: 30 

[si 2] mni&mm^te\,^x, ^m^m^^^i^ 
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mzikm-tztz «> <offl& m h 9 ^ bi -c *> 5 0 

[13 3] IBj5tfc»!IHz*5t^T, f-abSfl^jxs*-* y 

t * - ^ ✓ < ^ — > ffii & ^-rn T- & 6 0 

[114] EI*tt?Kl»lc*5t^T, iSS^MLti^^ 

[15] HUtSTEflSlwJot^T, *f U7*-yu4/affl 
SWfRSrir^ > HO*«SlwJ: 0 fiat 

[El 7 ] 1$*WOF DMlI^tbSI<7)^^fj£P^ 
l 1 ■■->y T/^<^ u/u-SE^Ihiss 
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